Characteristics of Mg2+-dependent, ATP-activated Ca2+ transport in synaptic and microsomal membranes and in permeabilized synaptosomes.
Synaptic plasma membranes isolated from rat brain exhibited a Ca2+ transport process that was strictly dependent on the presence of Mg2+ and activated by ATP hydrolysis. The characteristics of this ATP-activated transport process included a high affinity for Ca2+ and ATP with the Kact for these two substrates being 0.7 and 5 microM, respectively, and a lower affinity for Mg2+, Kact = 54 microM. The estimated constants for ATP-activated Ca2+ transport into synaptic membrane vesicles and the dependence of such transport on Mg2+ were indicative that such transport was related to the previously described high affinity (Ca2+ + Mg2+)-ATPase in synaptic membranes. An ATP- and Mg2+-dependent Ca2+ transport process with very similar kinetic characteristics was present also in a general microsomal membrane fraction obtained from brain tissue. The synaptic and microsomal membrane ATP-activated transport processes exhibited differences in their sensitivity to vanadate inhibition. Interaction with vanadate was fairly complex and best analyzed by a two-component model. Thus, the estimated Ki values for vanadate were 0.2 and 6.6 microM for the synaptic membranes and 0.7 and 13.8 microM for the microsomes. Since the microsomal membranes contain a substantial population of intraneuronal endoplasmic reticulum vesicles, the effects of vanadate on Ca2+ transport into intraneuronal membrane organelles, other than mitochondria, was determined in saponin-permeabilized synaptosomes. The estimated Ki values for vanadate inhibition of Ca2+ transport activity were 0.7 and 13 microM. The accumulation of Ca2+ into synaptic plasma membrane vesicles was readily reversed by activation of the Na+-Ca2+ exchange carrier, whereas the Ca2+ associated with intrasynaptosomal organelles was not affected by changes in [Na+]. Thus, there are at least two ATP-dependent Ca2+ transporting processes localized on two distinct neuronal membranes, one on the plasma membrane and the second on intraneuronal membranes.